Introduction
============

Primary bone sarcomas are very rare and unfamiliar entities in the hands or feet; these tumors include chondrosarcoma, Ewing sarcoma, and osteosarcoma.[@b1-cmar-10-1191] Many studies reported that chondrosarcomas were the most frequent malignant bone tumors in the hands or feet.[@b2-cmar-10-1191],[@b3-cmar-10-1191] The most common sites of chondrosarcoma include the pelvis, proximal femur, and humerus; however, the small bones of the lower (2.2%) and upper (2.1%) extremities are very rare sites for chondrosarcoma.[@b4-cmar-10-1191] Ewing sarcoma is the second most common primary bone tumor in children and adolescents. The bones of the hands (1.4%) or feet (4%) are also uncommon sites for Ewing sarcoma. Osteosarcoma is the most common primary bone malignancy in children and young adults, primarily occurring in the metaphysis of long bones. The incidence of osteosarcoma in the short bones is extremely low (\~0.9%).[@b3-cmar-10-1191] Due to the rarity of bone sarcomas at these sites, case reports and case series are the most common reports. Moreover, most of these focused on the epidemiologic data and put less value on prognosis.

To obtain insight into primary bone sarcomas of the hands and feet, the Surveillance, Epidemiology, and End Results (SEER) program database was used to screen patients with bone sarcomas of the hands or feet from 1973 to 2013, with attention paid to chondrosarcoma, Ewing sarcoma, and osteosarcoma. The emphasis was mainly placed on determining prognostic factors for overall survival (OS) and cancer-specific survival (CSS) in these patients.

Materials and methods
=====================

Patient population
------------------

The cohort consisted of patients diagnosed with chondrosarcoma, Ewing sarcoma, and osteosarcoma of the short bones from 1973 to 2013. Patient data were obtained using the case-listing session procedure in the SEER program of the National Cancer Institute. The SEER database holds only anonymized data, which are freely available. This study was performed in accordance with standard guidelines and was approved by the Ethics Committee of the Second Affiliated Hospital, School of Medicine, Zhejiang University.

All primary tumors that originated in the short bones were identified using the lesion number C40.1 (short bones of upper limb and associated joints) and C40.3 (short bones of lower limb and associated joints). The International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) was then used to identify patients with chondrosarcoma (ICD-O-3 codes 9180, 9220, 9221, 9231, 9240, 9242, and 9243), Ewing sarcoma (ICD-O-3 code 9260), and osteosarcoma (ICD-O-3 codes 9180--9187 and 9192--9195). All patients were diagnosed by histologic confirmation either from biopsy or surgical pathology. Patients who were diagnosed from only clinical presentation, radiography, autopsy, or death records were excluded. Data extracted from the SEER database included patient demographics, stage at diagnosis, tumor grade, tumor type, tumor sequence, cause of death, year of diagnosis, surgical treatment, and survival time.

Statistical methods
-------------------

Statistical analyses were performed using the SPSS statistical package version 21.0 and Microsoft Excel 2016. OS was defined as the time from diagnosis to death from any cause, and CSS was defined as the time from diagnosis to death specific to the cancer-related diagnosis. Descriptive epidemiologic data were calculated for all variables. OS and CSS curves were calculated using the Kaplan--Meier method. Observations were censored if the patient was alive at the time of the last follow-up. The effects of demographic variables, tumor characteristics, and treatment variables were compared using log-rank tests for categorical values. The Cox proportional hazards regression model was used to determine the independent prognostic factor for OS and CSS using univariate and multivariate analyses. The hazard ratios (HRs) with corresponding 95% CIs were used to show the effect of factors on OS and CSS. Differences were deemed statistically significant if *p* \<0.05.

Results
=======

In total, 457 patients were eligible for the study, including 245 patients with chondrosarcoma, 115 patients with osteosarcoma, and 97 patients with Ewing sarcoma of hands or feet. Chondrosarcoma was the most common type in hands, feet, or both. Demographically, 53.4% and 46.6% of patients were male and female, respectively. Most patients (84.2%) were white. The mean age at diagnosis was 41.9 years, and more than half of the patients (62.4%) were born in or after the year 2000. Histologically, 42.2% of cases were low grade, 22.5% were high grade, and 35.2% were an unknown tumor grade. Information regarding the extent of disease was available in most cases (92.3%), and the majority presented as locally invasive disease (46.2%). Forty-eight patients (10.5%) had developed metastasis at presentation. Most patients were diagnosed with first malignant primary tumors (93.7%). After diagnosis, 88% of patients underwent surgical treatment. A total of 176 patients (38.5%) died; among these, 95 died of the tumor itself (cancer-specific death). The OS rates of the entire cohort at 5 and 10 years were 75.7% and 66.1%, respectively. The CSS rates at 5 and 10 years were 78.7% and 73.7%, respectively. The 5-and 10-year OS rates for patients with malignant osseous foot tumors were 72.2% and 63.7%, and the respective 5- and 10-year CSS rates were 74.1% and 68.0%. For patients with malignant osseous hand tumors, the OS rates were 81.2% and 70.9% and the CSS rates were 86.3% and 83.4%, respectively ([Table 1](#t1-cmar-10-1191){ref-type="table"}).

Univariate survival analysis revealed that older age (age \>40 years) was significantly associated with a worse OS (HR=1.618, *p*=0.002; [Table 2](#t2-cmar-10-1191){ref-type="table"}; [Figure 1A](#f1-cmar-10-1191){ref-type="fig"}) but not with a worse CSS (HR=0.797, *p*=0.287; [Table 3](#t3-cmar-10-1191){ref-type="table"}). Similarly, gender was associated with significant differences in OS (male vs. female HR=0.733, *p*=0.042; [Table 2](#t2-cmar-10-1191){ref-type="table"}) but not in CSS (male vs. female HR=1.136, *p*=0.544; [Table 3](#t3-cmar-10-1191){ref-type="table"}). A more recent year of diagnosis was associated with improved CSS (1990s vs. 1970s, HR=0.287, *p*=0.002; ≥2000s vs. 1970s, HR=0.332, *p*=0.002; [Table 3](#t3-cmar-10-1191){ref-type="table"}; [Figure 2A](#f2-cmar-10-1191){ref-type="fig"}) but not with OS (*p*\>0.05; [Table 2](#t2-cmar-10-1191){ref-type="table"}). For both OS and CSS, race showed no significant effect on survival (*p*\>0.05; [Tables 2](#t2-cmar-10-1191){ref-type="table"} and [3](#t3-cmar-10-1191){ref-type="table"}). Compared with patients with bone sarcomas of the hands, patients with sarcomas of the feet had worse CSS (HR=1.912, *p*=0.010; [Table 3](#t3-cmar-10-1191){ref-type="table"}) but not OS (*p*\>0.05; [Table 2](#t2-cmar-10-1191){ref-type="table"}). There was a significant difference in both OS and CSS based on the extent of disease at presentation (OS: regional vs. localized, HR=1.504, *p*=0.024; and distant vs. localized, HR=5.722, *p*=0.000; CSS: regional vs. localized, HR=2.100, *p*=0.010; and distant vs. localized, HR=12.902, *p*=0.000; [Tables 2](#t2-cmar-10-1191){ref-type="table"} and [3](#t3-cmar-10-1191){ref-type="table"}; [Figures 1B](#f1-cmar-10-1191){ref-type="fig"} and [2B](#f2-cmar-10-1191){ref-type="fig"}). Univariate analysis indicated that tumor grade was an important prognostic factor for both OS and CSS (both *p*=0.000; [Tables 2](#t2-cmar-10-1191){ref-type="table"} and [3](#t3-cmar-10-1191){ref-type="table"}; [Figures 1C](#f1-cmar-10-1191){ref-type="fig"} and [2C](#f2-cmar-10-1191){ref-type="fig"}), with high tumor grade portending a worse prognosis. Compared with chondrosarcoma, the prognosis of patients with Ewing sarcoma was much worse in terms of OS (Ewing sarcoma vs. chondrosarcoma, HR=1.758, *p*=0.002; [Table 2](#t2-cmar-10-1191){ref-type="table"}) and CSS (Ewing sarcoma vs. chondrosarcoma, HR=4.550, *p*=0.000; [Table 3](#t3-cmar-10-1191){ref-type="table"}). In terms of treatment, patients who did not receive surgical treatment had worse OS and CSS than patients who underwent surgery (HR=2.258, *p*=0.000 and HR=3.614, *p*=0.000, respectively; [Tables 2](#t2-cmar-10-1191){ref-type="table"} and [3](#t3-cmar-10-1191){ref-type="table"}; [Figures 1D](#f1-cmar-10-1191){ref-type="fig"} and [2D](#f2-cmar-10-1191){ref-type="fig"}). Additionally, there were significant differences in OS (second or more vs. first, HR=1.879, *p*=0.020; [Table 2](#t2-cmar-10-1191){ref-type="table"}; [Figure 1E](#f1-cmar-10-1191){ref-type="fig"}) but not CSS (*p*=0.214; [Table 3](#t3-cmar-10-1191){ref-type="table"}) based on tumor sequence.

On multivariate analysis for all patients ([Table 2](#t2-cmar-10-1191){ref-type="table"}), age at diagnosis (HR=2.418; 95% CI, 1.635--3.574; *p*=0.000), stage (regional vs. localized, HR=1.480, 95% CI, 1.034--2.119, *p*=0.032; distant vs. localized, HR=3.839, 95% CI, 2.375--6.205, *p*=0.000), tumor grade (HR=1.643; 95% CI, 1.025--2.636; *p*=0.039), surgery (HR=1.792; 95% CI, 1.139--2.818; *p*=0.012), and tumor sequence (HR=2.284; 95% CI, 1.304--4.000; *p*=0.004) were independent predictors of OS. The results of multivariate analysis of the parameters that influence CSS are presented in [Table 3](#t3-cmar-10-1191){ref-type="table"}. Decade of diagnosis (1980s vs. 1970s, HR=0.382, 95% CI, 0.168--0.866, *p*=0.021; 1990s vs. 1970s, HR=0.171, 95% CI, 0.069--0.424, *p*=0.000; ≥2000s vs. 1970s, HR=0.269, 95% CI, 0.128--0.563, *p*=0.000), stage (distant vs. localized, HR=7.040; 95% CI, 3.708--13.364; *p*=0.000), tumor grade (HR=3.385; 95% CI, 1.523--7.523; *p*=0.003), and surgery (HR=1.890; 95% CI, 1.133--3.151; *p*=0.015) were independent prognostic factors for CSS. Moreover, multivariate analysis showed no statistically significant difference among primary tumor location and tumor type.

Discussion
==========

Bone sarcomas of small bones of the hands or feet are rare malignancies, and have the potential for both local aggressive performance and distant metastasis. Ogose et al[@b5-cmar-10-1191] found that chondrosarcoma of the small bones of the hands or feet had the potential for metastasis and high mortality. Therefore, equal attention should be paid to the prognosis of patients with bone sarcomas of both long and short bones. Previous studies mostly reported on soft-tissue sarcomas of the hands or feet rather than osseous malignancies.[@b6-cmar-10-1191]--[@b8-cmar-10-1191] Recently, Yang et al[@b9-cmar-10-1191] documented the clinical features and incidence of malignant osseous foot tumors and evaluated the clinical course and outcomes of the malignancy. Henderson et al[@b10-cmar-10-1191] retrospectively analyzed the clinical presentation, radiographic features, and treatment choice of malignant osseous hand tumors. However, these studies had small heterogeneous cohorts, and the prognostic results of those patients were not analyzed. To our knowledge, the current study is the first to report the factors that affect the prognostic factors that affect the survival of patients with primary malignant bone tumors of the hands or feet, which is often ignored by orthopedists. Furthermore, the study used multivariate regression analysis to identify possible prognostic factors for survival in those patients.

Although many case reports and case series reported bone sarcomas of the hands or feet, there was a lack of demographic knowledge information. Farzan et al[@b11-cmar-10-1191] reported 99 osseous tumors of the hands and only found two chondrosarcomas, one osteosarcoma, and one Ewing sarcoma involving the hand skeleton, suggesting that bone sarcomas of the small bones were rare. In the current study, we identified 457 cases of primary malignant bone tumors of the hands or feet based on the SEER database from 1973 to 2013. Chondrosarcoma was the most common primary malignant bone tumor in the hands, feet, or both, followed by Ewing sarcoma and osteosarcoma; 69.9% of cases were chondrosarcoma. Murari et al[@b2-cmar-10-1191] found that the most common malignant neoplasm in the bones of the feet was chondrosarcoma, which accounted for 52.3% of malignant neoplasms and is similar to the current findings (44.6%). Moreover, Saglık et al[@b12-cmar-10-1191] reported that the most common nonmetastatic malignant lesions of the bones in the hands were also chondrosarcomas (n=6/16; 37.5%). However, Ewing sarcoma was the most common malignancy of the bones of the feet (17/68; 25%) in a study by Bakotic and Huvos.[@b13-cmar-10-1191] Interestingly, the current study revealed that 48 (10.5%) patients had metastatic disease at initial presentation and most of them (n=43) were due to bone sarcomas in feet. No gender predilection was found both in either the hand or foot cohort. As the year at diagnosis increased, the number of patients in the series also increased. Moreover, the age range of patients in the cohort was very wide (from 1 to 102 years old). Therefore, it is important to suspect short bone sarcomas in patients of any age to reduce the risk of a delayed diagnosis. On average, patients presenting with bone sarcomas of the hands were older than those of the feet.

Most studies on bone sarcoma and survival primarily consisted of patients with appendicular or pelvic or spine disease. In general, the outcome among patients with sarcomas involving the pelvic bones or spine is much poorer than those with appendicular disease.[@b14-cmar-10-1191]--[@b17-cmar-10-1191] Jawad et al[@b18-cmar-10-1191] found that the 5-year OS of all patients with pelvic sarcomas was 47%. Similarly, Mukherjee et al[@b14-cmar-10-1191] reported that for all patients with sarcomas in the spine, the estimated 5-and 10-year OS rates were 41% and 34%, respectively. However, the outcome and prognosis of patients with sarcomas of the hands or feet have not been reported frequently because of its rarity. Bishop et al[@b8-cmar-10-1191] evaluated 85 patients with soft-tissue sarcomas of the hands or feet and found that the 5- and 10-year OS rates were 89% and 77%, respectively. In the current study, the OS for osseous sarcomas of the hands or feet was 75.7% and 66.1% at 5 and 10 years, respectively, suggesting that the prognosis of these patients may be poorer than the OS of those with soft-tissue sarcomas. More studies are needed to confirm it. In general, the prognosis of patients with bone sarcoma of the small bones appears to be more favorable than that of patients with disease affecting the long bones, who have an estimated 5-year survival ranging from 45% to 75%.[@b19-cmar-10-1191] Additionally, the current study showed that the 5- and 10-year OS rates for patients with malignant osseous foot tumors were 72.2% and 63.7% and the 5- and 10-year CSS rates were 74.1% and 68.0%, respectively. These outcomes were poorer than those of patients with malignant osseous hand tumors, whose OS rates were 81.2% and 70.9% and CSS rates were 86.3% and 83.4%, respectively, at the same time points.

In terms of prognostic determinants, both univariate and multivariate analyses showed that age \>40 years was associated with worse OS but not worse CSS. Mirabello et al[@b20-cmar-10-1191] also revealed that the survival rates for osteosarcomas were highest in the youngest age group, and lowest in elderly patients. For both OS and CSS, race was not associated with significant differences in survival. The current study noted that female gender was associated with a reduction in OS. However, gender was not an independent prognostic indicator of either OS or CSS. In addition, a more recent year of diagnosis was associated with better CSS but not OS, suggesting that the treatment of bone sarcomas in the hands or feet has improved significantly. Adjuvant therapy such as chemotherapy and radiation and the progress of multimodality imaging such as magnetic resonance imaging may be the contributed factors.[@b8-cmar-10-1191] The current multivariate survival analysis revealed that tumor location was not an independent prognostic indicator of either OS or CSS, suggesting that bone sarcomas in the hands or feet could be reported together for further analyses. Ewing sarcoma was adversely associated with CSS, but the significance was lost on multivariate analysis. Although tumor type was not an independent prognostic indicator for OS or CSS, a trend of decreased OS and CSS was observed for patients with Ewing sarcoma or osteosarcoma compared with those with chondrosarcoma. In addition, tumor sequence was an independent prognostic indicator of OS but not CSS, suggesting that patients with second or more primary bone sarcomas in their hands or feet may have a worse prognosis than those with a first primary tumor.

Stage, grade, and surgery have been previously recognized as predictors of survival in patients with malignant tumors.[@b21-cmar-10-1191]--[@b23-cmar-10-1191] Similarly, these three factors were independent predictors of OS and CSS in the current study. Patients with metastatic disease at initial presentation have a poorer prognosis than those with localized disease. Furthermore, metastasis at diagnosis was the greatest indicator of both OS (HR=3.839; 95% CI, 2.375--6.205) and CSS (HR=7.040; 95% CI, 3.708--13.364). Survival analysis using Kaplan--Meier curves ([Figures 1B](#f1-cmar-10-1191){ref-type="fig"} and [2B](#f2-cmar-10-1191){ref-type="fig"}) revealed that the 5-year OS and CSS rates were 30.9% and 28.7%, respectively. Bone sarcomas are highly metastatic tumors.[@b15-cmar-10-1191],[@b24-cmar-10-1191],[@b25-cmar-10-1191] Many studies suggested that pulmonary metastasectomy for sarcomas may confer better survival.[@b26-cmar-10-1191]--[@b28-cmar-10-1191] Therefore, surgical removal of the primary tumor together with all clinically evident metastatic disease should be addressed and may be beneficial for prolonging survival in patients with bone sarcomas of the hands or feet and metastasis at diagnosis. Surgery treatment for patients with bone sarcomas of the hands or feet usually included amputation, wide resection, and combined modality therapy such as radiotherapy and chemotherapy.[@b29-cmar-10-1191] Yang et al[@b9-cmar-10-1191] reported that most of the patients with primary malignant bone tumors of the feet received surgical amputation, regardless of tumor histology or site and achieved excellent outcomes. Additionally, they thought that amputation was an appropriate management option for patients who had undergone previous accidental excisions. Careful staging, precise grading, and appropriate treatment are critical for improving prognosis as the short bones are an uncommon site for chondrosarcoma, Ewing sarcoma, and osteosarcoma.

Limitations
===========

The SEER program database does not gather information about local recurrence or metastasis during the follow-up, which may affect prognosis. Additionally, other known prognostic factors for cancer survival, such as surgical method and chemotherapy, are not available in this database, which may be the contributing factors. Further research is needed to confirm their prognostic value. Nevertheless, the SEER program database provides important insights into rare cancers such as bone sarcomas of the hands or feet.

Conclusion
==========

This is the largest population-based study to describe the demographics and analyze the prognosis of patients with bone sarcomas in the hands or feet. The OS and CSS rates of all patients at 10 years were 66.1% and 73.7%, respectively. Independent predictors of OS include age, stage, grade, surgery, and tumor sequence. The decade of diagnosis, stage, grade, and surgery were independent predictors of CSS. For all tumor types, the most important prognostic factor was whether metastasis had occurred at the time of initial diagnosis. The results of this study may allow orthopedists to better understand the features and outcomes of bone sarcomas in the hands or feet. It may also be helpful for patient health education and lay a solid foundation for future research.
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![Kaplan--Meier estimated OS in patients with primary bone sarcomas of small bones of the hands and feet stratified by age (**A**), stage (**B**), tumor grade (**C**), surgery (**D**), and tumor sequence (**E**).\
**Abbreviation:** OS, overall survival.](cmar-10-1191Fig1){#f1-cmar-10-1191}

![Kaplan--Meier survival analyses illustrating CSS in patients with primary bone sarcomas of small bones of the hands and feet based on decade of diagnosis (**A**), stage (**B**), tumor grade (**C**), and surgery (**D**).\
**Abbreviation:** CSS, cancer-specific survival.](cmar-10-1191Fig2){#f2-cmar-10-1191}

###### 

Clinical characteristics of patients with osteosarcoma, chondrosarcoma, and Ewing sarcoma of short bones

  Variables                                                 Number (%)                
  --------------------------------------------------------- ------------ ------------ ------------
  Mean age (years)                                          41.9         49.6         37.5
  Age (years)                                                                         
   \<40                                                     227 (49.7)   58 (35.6)    169 (57.5)
   ≥40                                                      230 (50.3)   105 (64.4)   125 (42.5)
  Gender                                                                              
   Female                                                   213 (46.6)   85 (52.1)    128 (43.5)
   Male                                                     244 (53.4)   78 (47.9)    166 (56.5)
  Decade of diagnosis                                                                 
   1970s                                                    36 (7.9)     14 (8.6)     22 (7.5)
   1980s                                                    58 (12.7)    21 (12.9)    37 (12.6)
   1990s                                                    78 (17.1)    33 (20.2)    45 (15.3)
   ≥2000s[a](#tfn1-cmar-10-1191){ref-type="table-fn"}       285 (62.4)   95 (58.3)    190 (64.6)
  Race                                                                                
   White                                                    385 (84.2)   143 (87.7)   242 (82.3)
   Black                                                    39 (8.5)     9 (5.5)      30 (10.2)
   Other                                                    33 (7.3)     11 (6.7)     22 (7.5)
  Location                                                                            
   Upper                                                    163 (35.7)   163 (100)    --
   Lower                                                    294 (64.3)   --           294 (100)
  Stage                                                                               
   Localized                                                211 (46.2)   87 (53.4)    124 (42.2)
   Regional                                                 163 (35.7)   63 (38.7)    100 (34.0)
   Distant                                                  48 (10.5)    5 (3.1)      43 (14.6)
   Unstaged                                                 35 (7.7)     8 (4.9)      27 (9.2)
  Tumor grade[b](#tfn2-cmar-10-1191){ref-type="table-fn"}                             
   Low                                                      193 (42.2)   93 (57.1)    100 (34.0)
   High                                                     103 (22.5)   22 (13.5)    81 (27.6)
   Unknown                                                  161 (35.2)   48 (29.4)    113 (38.4)
  Tumor type                                                                          
   Chondrosarcoma                                           245 (53.6)   114 (69.9)   131 (44.6)
   Osteosarcoma                                             115 (25.2)   29 (17.8)    86 (29.3)
   Ewing sarcoma                                            97 (21.2)    20 (12.3)    77 (26.2)
  Surgery                                                                             
   Yes                                                      402 (88)     151 (92.6)   251 (85.4)
   No                                                       55 (12)      12 (7.4)     43 (14.6)
  Tumor sequence                                                                      
   First                                                    428 (93.7)   149 (91.4)   279 (94.9)
   ≥Second                                                  29 (6.3)     14 (8.6)     15 (5.1)
  Dead                                                                                
   Yes                                                      176 (38.5)   63 (38.7)    113 (38.4)
   No                                                       281 (61.5)   100 (61.3)   181 (61.6)
  5-year OS rate                                            75.7%        81.2%        72.2%
  5-year CSS rate                                           78.7%        86.3%        74.1%
  10-year OS rate                                           66.1%        70.9%        63.7%
  10-year CSS rate                                          73.7%        83.4%        68.0%

**Notes:**

2000--2013;

low: Grade I (well differentiated) and Grade II (moderately differentiated); high: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic).

**Abbreviations:** CSS, cancer-specific survival; OS, overall survival.

###### 

Univariate and multivariate analyses for OS for patients identified in the SEER Program database from 1973 to 2013

  Variables             Univariate analysis    Multivariate analysis                                                           
  --------------------- ---------------------- -------------------------------------------------------- ---------------------- --------------------------------------------------------
  Age (years)                                                                                                                  
   \<40                 1                                                                               1                      
   ≥40                  1.618 (1.193--2.194)   0.002[\*\*](#tfn5-cmar-10-1191){ref-type="table-fn"}     2.418 (1.635--3.574)   0.000[\*\*\*](#tfn6-cmar-10-1191){ref-type="table-fn"}
  Gender                                                                                                                       
   Female               1                                                                               1                      
   Male                 0.733 (0.543--0.989)   0.042[\*](#tfn4-cmar-10-1191){ref-type="table-fn"}       0.806 (0.586--1.106)   0.182
  Decade of diagnosis                                                                                                          
   1970s                1                                                                                                      
   1980s                0.897 (0.543--1.480)   0.670                                                    --                     --
   1990s                0.743 (0.443--1.244)   0.258                                                    --                     --
   ≥2000s               0.722 (0.449--1.164)   0.181                                                    --                     --
  Race                                                                                                                         
   White                1                                                                                                      
   Black                0.897 (0.518--1.553)   0.697                                                    --                     --
   Other                1.239 (0.702--2.187)   0.459                                                    --                     --
  Location                                                                                                                     
   Upper                1                                                                               --                     --
   Lower                1.142 (0.838--1.556)   0.400                                                    --                     --
  Stage                                                                                                                        
   Localized            1                                                                               1                      
   Regional             1.504 (1.056--2.143)   0.024                                                    1.480 (1.034--2.119)   0.032[\*](#tfn4-cmar-10-1191){ref-type="table-fn"}
   Distant              5.722 (3.782--8.659)   0.000[\*\*\*](#tfn6-cmar-10-1191){ref-type="table-fn"}   3.839 (2.375--6.205)   0.000[\*\*\*](#tfn6-cmar-10-1191){ref-type="table-fn"}
   Unstaged             1.450 (0.835--2.519)   0.187                                                    1.100 (0.612--1.979)   0.750
  Tumor grade                                                                                                                  
   Low                  1                                                                               1                      
   High                 2.155 (1.462--3.178)   0.000[\*\*\*](#tfn6-cmar-10-1191){ref-type="table-fn"}   1.643 (1.025--2.636)   0.039[\*](#tfn4-cmar-10-1191){ref-type="table-fn"}
   Unknown              1.621 (1.139--2.307)   0.007[\*\*](#tfn5-cmar-10-1191){ref-type="table-fn"}     1.491 (0.965--2.302)   0.072
  Tumor type                                                                                                                   
   Chondrosarcoma       1                                                                               1                      
   Osteosarcoma         1.250 (0.870--1.798)   0.228                                                    1.200 (0.763--1.887)   0.429
   Ewing sarcoma        1.758 (1.224--2.526)   0.002[\*\*](#tfn5-cmar-10-1191){ref-type="table-fn"}     1.723 (0.994--2.986)   0.053
  Surgery                                                                                                                      
   Yes                  1                                                                               1                      
   No                   2.258 (1.528--3.337)   0.000[\*\*\*](#tfn6-cmar-10-1191){ref-type="table-fn"}   1.792 (1.139--2.818)   0.012[\*](#tfn4-cmar-10-1191){ref-type="table-fn"}
  Tumor sequence                                                                                                               
   First                1                                                                               1                      
   ≥Second              1.879 (1.103--3.201)   0.020[\*](#tfn4-cmar-10-1191){ref-type="table-fn"}       2.284 (1.304--4.000)   0.004[\*\*](#tfn5-cmar-10-1191){ref-type="table-fn"}

**Note:**

*p*\<0.05,

*p*\<0.01,

*p*\<0.000.

**Abbreviations:** OS, overall survival; SEER, Surveillance, Epidemiology, and End Results.

###### 

Univariate and multivariate analyses for CSS for patients identified in the SEER Program database from 1973 to 2013

  Variables             Univariate analysis     Multivariate analysis                                                            
  --------------------- ----------------------- --------------------------------------------------------- ---------------------- ---------------------------------------------------------
  Age (years)                                                                                                                    
   \<40                 1                                                                                 --                     
   ≥40                  0.797 (0.525--1.210)    0.287                                                     --                     --
  Gender                                                                                                                         
   Female               1                                                                                 --                     
   Male                 1.136 (0.752--1.717)    0.544                                                     --                     --
  Decade of diagnosis                                                                                                            
   1970s                1                                                                                 1                      
   1980s                0.528 (0.244--1.145)    0.106                                                     0.382(0.168--0.866)    0.021[\*](#tfn8-cmar-10-1191){ref-type="table-fn"}
   1990s                0.287 (0.128--0.642)    0.002[\*\*](#tfn9-cmar-10-1191){ref-type="table-fn"}      0.171(0.069--0.424)    0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}
   ≥2000s               0.332 (0.167--0.664)    0.002[\*\*](#tfn9-cmar-10-1191){ref-type="table-fn"}      0.269(0.128--0.563)    0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}
  Race                                                                                                                           
   White                1                                                                                 --                     
   Black                0.928 (0.448--1.921)    0.840                                                     --                     --
   Other                1.277(0.617--2.645)     0.510                                                     --                     --
  Location                                                                                                                       
   Upper                1                                                                                 1                      
   Lower                1.912(1.167--3.135)     0.010[\*](#tfn8-cmar-10-1191){ref-type="table-fn"}        1.000(0.586--1.709)    0.999
  Stage                                                                                                                          
   Localized            1                                                                                 1                      
   Regional             2.100(1.193--3.699)     0.010[\*](#tfn8-cmar-10-1191){ref-type="table-fn"}        1.646(0.922--2.938)    0.092
   Distant              12.902(7.333--22.699)   0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}   7.040(3.708--13.364)   0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}
   Unstaged             3.305(1.612--6.778)     0.001[\*\*](#tfn9-cmar-10-1191){ref-type="table-fn"}      2.214(0.998--4.910)    0.050
  Tumor grade                                                                                                                    
   Low                  1                                                                                 1                      
   High                 6.362(3.228--12.538)    0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}   3.385(1.523--7.523)    0.003[\*\*](#tfn9-cmar-10-1191){ref-type="table-fn"}
   Unknown              5.603(2.912--10.782)    0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}   2.080(0.919--4.709)    0.079
  Tumor type                                                                                                                     
   Chondrosarcoma       1                                                                                 1                      
   Osteosarcoma         2.879(1.667--4.975)     0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}   1.347(0.726--2.501)    0.345
   Ewing sarcoma        4.550(2.714--7.626)     0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}   1.313(0.672--2.567)    0.425
  Surgery                                                                                                                        
   Yes                  1                                                                                 1                      
   No                   3.614(2.332--5.603)     0.000[\*\*\*](#tfn10-cmar-10-1191){ref-type="table-fn"}   1.890(1.133--3.151)    0.015[\*](#tfn8-cmar-10-1191){ref-type="table-fn"}
  Tumor sequence                                                                                                                 
   First                1                                                                                 --                     --
   ≥Second              0.047(0.000--5.838)     0.214                                                     --                     

**Note:**

*p*\<0.05,

*p*\<0.01,

*p*\<0.000.

**Abbreviations:** CSS, cancer-specific survival; SEER, Surveillance, Epidemiology, and End Results.

[^1]: These authors contributed equally to this work
